ABSTRACT. All-sky photographic surveys made with the large Schmidt telescopes have long been a major resource for research support; within a few years the second-generation surveys now in progress with the UK and the Oschin (Palomar) Schmidts will generalize this coverage to at least two epochs and two passbands. The quantitative use of these plate collections depends on their digitization. For the five modern high-speed systems currently devoted to this work (APM, Cambridge; SuperCosmos, ROE; GAMMA, STScI; APS, Minnesota; and PPM, Flagstaff), the machine properties, together with the associated accomplishments and plans are summarized. Additional discussion topics include the complementary role of object lists (i.e., catalogs) and pixel data (rasters), naming conventions, the need for an adequate level of independent checking, together with the construction of a master object list, and the future of measuring photographic plates.
INTRODUCTION
The current status and plans for the major photographic sky surveys with Schmidt telescopes have been reviewed by Morgan et al. (1992) and Morgan (1995;  see also comments on two less well-known northern surveys in Lasker 1994) . Modem utilization of these surveys, i.e., computer-based procedures for catalog constmction, finding charts, telescope operations, etc., depends on their digitization with highspeed scanning machines. Summaries of individual scanning systems may be found in the recent workshops (Geneva, edited by Jaschek 1989; Edinburgh, by MacGillivary and Thompson 1992; and Potsdam, by West, et al. 1994) . Additionally, overviews of the digitization topic may be found in Monet (1994) and Lasker (1994 Lasker ( ,1995 .
The limiting astrometric and photometric capabilities of photographic plates have been developed by Lee and van Altena (1983; see also Lasker 1995) in the formalism of a covariance analysis based on plate granularity as the only noise source, i.e., with centroiding and astrometric errors excluded. Then the expected precisions for well-exposed plates are in the order of 0'.'05 and 0T05. One may therefore conclude that the limits of astrometry from Schmidt plates have yet to be approached and that continued work on centroiders as well as on removing systematic error from the astrometric solutions (e.g., Taff et al. 1990; Bucciarelli et al. 1993 , Roser 1995 is thus appropriate. For the analogous photometric problem, relatively little work has been devoted to systematic errors, but one expects that advances comparable to the astrometric ones may be possible.
rihis talk was very similar to one given at IAU Colloquium No. 148 in Bandung (Lasker 1995) . The reader is referred there for the more technical details, while greater emphasis is given here to the discussion items. 2 Operated by the Association of Universities for Research in Astronomy, Inc., under contract to the National Aeronautics and Space Administration.
THE MAJOR MEASURING PROGRAMS
This section contains a short summary of the major measuring machines dedicated to Schmidt surveys, together with their recent accomplishments and long-term plans. Further details, including discussion of performance and throughput, as well as photographs of these instruments, may be found in Lasker (1995) .
The APM at Cambridge is based on laser illumination with an acousto-optic deflector to achieve a large number of channels. The APM has been used to scan the POSSI surveys, and catalogs based on them are available for collaborative use in Cambridge. Future plans include the UK J/EJ and OR/R surveys, as well as the AAO SES R (Second Epoch Survey, made with the UK Schmidt) and the POSS II as they become available.
The APS machine at Minnesota-the host institution for this conference-is based on a laser spot deflected with a rapidly rotating octagon-prism and is capable of scanning two plates simultaneously. This system has been used to scan and catalog the POSS I in both colors. A subset of the catalog is available from the ADS (Astrophysics Data System) and over WWW. Future programs include a proper motion catalog from the 1970 "Luyten red" survey and catalogs based on the POSS II.
The COSMOS machine at Edinburgh is based on a CRTilluminated flying spot. COSMOS has been used to construct scans and catalogs of the UK J surveys, and these are available at ROE, NRL, and AAO. COSMOS was retired in 1993 and has been superceded by SuperCOSMOS, which is a multichannel system based on a linear array, with telecentric optics to control the scattered light. Programs for SuperCOS-MOS include, at the highest priority, rescanning the UK J/EJ survey, scanning the SES R survey, and with lower priority, the POSS I and II and the ESO B and R.
The two PDS machines at STScI are classical twomicroscope microdensitometers. These have been used to scan the Palomar Quick V and POSS I (E) surveys and the UK J/EJ surveys. Future programs include scanning the POS S II and the AAO SES original plates and distributing the raster data. The combined data will be used to construct a new all-sky catalog containing colors and proper motions. GAMMA (Guide star Automated Measuring MAchine) is a major upgrade built on the PDS mechanical substrate. It is laser illuminated, and controls its scattered light by using an acousto-optic deflector to implement only a small number of channels.
The PPM machine at U. S. Naval Observatory, Flagstaff, is based on CCD cameras and features extensive software to compensate the astrometric field-effects in individual CCD frames. The PPM is capable of scanning four plates simultaneously. This machine will be used to scan the POSS I and the POSS II originals; as well as a special set of short exposures made on the same grid to improve the astrometric reference frame. The goal is a new northern hemisphere catalog of high astrometric quality.
DISCUSSION
Two kinds of data products are generated by the various scanning systems: (1) catalogs of objects identified on the plate scans, and (2) pixel-by-pixel representations of whole plates. While in principle, any of the above systems can generate either product, each has specialized in one or the other, with the emphasis at APM, APS, COSMOS, and PPM being catalogs, while that at the STScI is pixels. For many applications and in particular for the user wishing to engage in minimal image processing, the greatest ease and simplicity is offered by catalogs of identified objects. Where objectrecognition software performs most reliably, i.e., for unblended objects that are well-exposed but not overexposed, such catalogs tend to be quite reliable; however, problems may be expected for blends, crowded fields, threshold images, and the brighter images. On the other hand, at the cost of some image processing, pixel data permit the user to decide on the reality and reliability of detection even for the kinds of difficult images cited, and also affords the opportunity to use different software as appropriate. Additionally, a promising development in object classification may be the use of more specialized algorithms that require access to the pixel data.
It is only recently, as this field matured, that the natural complementarity between the pixel and the catalog data has come to be recognized; and increasingly the two kinds of data are used together. Taking full benefit of the potentials here requires that we agree on convenient and accurate conventions for locating cataloged objects in image data. Standardized image headers, modeled after the FITS formalism, with generalizations of the world coordinate system as required to achieve sufficient astrometric accuracy, appear to be an acceptable and readily implemented strategy.
Even cursory intercomparisons of existing catalogs produced independently by different groups reveal significant differences. Those arising from calibrations should not be of much interest at first, as they originate in easily studied differences in the choices of reference objects and reduction algorithms. The important point, however, is that the lists of objects themselves are not identical. Different catalogs miss different objects, give conflicting results on blend resolution, have distinct failure modes for artifacts (false objects), and show different completeness characteristics. One may expect that, as the programs listed above approach completion, the level of redundancy and independent checking will be adequate to understand the origins of the discrepancies and the ways to address them.
Moreover, as a next step, an obvious project (although of some difficulty) is to review the data available from existing catalogs, using the combined data, checked as appropriate against pixel data, to generate an improved master object list having the highest possible reliability in the sense of reality of individual objects. Such a catalog, being a composite of several catalogs calibrated quite differently, would probably be of low precision; but it would be invaluable as an "input list" for future cataloging and calibration efforts. It is natural to ask who might construct such a master list. The cataloging groups themselves are unlikely candidates, as they are too busy and too close to their own data; perhaps more likely candidates are data centers, large end-users of the catalogs, or smaller institutions wishing to dedicate themselves to a large single project that is not capital intensive.
The discussion so far has noted several complementary ways in which one may use the scans and catalogs coming from the several measuring groups, with considerable benefits in convenience and reliability. These can be achieved only if there is an adequate level of redundancy and cross checking is maintained.
Naming conventions are important, not simply so that we can refer to a specific object with certainty but also to support intercatalog operations and coordination with catalogs constructed at nonoptical wavelengths. Nomenclature for the large Schmidt catalogs produced to date has generally consisted of a plate-based serial number that contains no information about the objects, and in some cases the number may even depend on the particular version of the catalog. Such approaches are understandable in a devèloping field and when the astrometric calibrations are in doubt; however, now that Schmidt cataloging is now a mature field and that tools exist to identify and control systematic astrometric errors; it is appropriate that future work make increasing use of IAUstyle coordinate-based nomenclature recommendations (cf. IAU Trans. XIXB, p. 40, 1985) .
The future of photography now is generally acknowledged to be finite, and a time will come when all the major photographic Schmidt surveys (present and planned) have been well studied. The question of what to do then with the measuring and cataloging systems has to be addressed. The measuring machines, in addition to being costly, will eventually become burdensome (but not impossible) to maintain as their electronic technology becomes obsolete; and one may reasonably guess that only a subset of the systems described above will last very far into the twenty-first century. On the other hand, even in the era of electronic wide-field surveys, there is a photographic heritage that is of some considerable value, specifically in defining a baseline for proper-motion and variability studies. Just as the machines will have a finite lifetime for technological reasons, the photographic materials also do, simply because they are deteriorating even as we speak. It is important to give high priority to identifying the important historical photographic collections of all types (not simply Schmidt) and developing plans for digitizing and archiving them. Collections of obvious significance are the nonsurvey material from the large Schmidts (including survey rejects that can be used to reduce the first-epoch noise) and astrographic surveys measured less than optimally (perhaps incompletely, perhaps with lesser precision). Most dramatically in the latter set are the plates of the Astrographic Catalog and the Cart du Ciel. Many of these are over one hundred years old, and a significant number (but not all of them) are still in measurable condition.
